A closed-book, multiple-choice examination following this article tests your under standing of the following objectives:
The purposes of our study were to compare the incidence of pressure ulcers in 4 groups of ICU patients with different body mass index (BMI) values, including underweight, normal, obese, and extremely obese; to determine the odds ratio for pressure ulcers across the groups; and to determine if inclusion of BMI values complements scores on the Braden scale in predicting pressure ulcers in ICU patients.
Review of the Literature
A pressure ulcer is defined as "localized injury to the skin and/or underlying tissue, usually over a bony prominence, as a result of pressure, or pressure in combination with shear." 8 According to a national cross-sectional cohort study, 2 the prevalence of pressure ulcers in ICU patients in the United States is 16.6% to 20.7%. In a comparison study 9 in Germany, the rates of hospital-acquired pressure ulcers were 14.9% in ICU patients and 3.9% in patients in general hospital units. In the United States, 2.5 million patients are treated for pressure ulcers each year, at an annual cost of $9.1 billion to $11.6 billion. 10 The Braden scale 11 is one of the most widely used scales for assessing the risk for pressure ulcers in a variety of care settings. The scale consists of 6 subscales: sensory perception, moisture, activity, mobility, nutrition, and friction/shear. The scores of the subscales range from 1 to 4, with the exception of friction/shear, which has a range of 1 to 3. The total Braden score ranges from 6 to 23. Lower total scores on the Braden scale indicate a higher risk for pressure ulcers. 12 In clinical practices, a patient with a total score less than 18 is generally considered at high risk for pressure ulcers. 11 Reliability and validity of the Braden scale have been tested in various settings, such as acute care units, nursing homes, and tertiary care hospitals; however, scores on the scale have poorer predictive value for ICU patients than for other patients. [13] [14] [15] In addition, modification of the Braden scale has been suggested for ICU-specific risk assessment. 16, 17 Immobility is a marked risk factor for pressure ulcers in ICU patients. 9, 18 Obesity decreases mobility in patients, increasing the risk for pressure ulcers. 19 The prevalence of obesity in adults has increased greatly. 20 More than one-third of US adults (35.7%) are obese, 21 and one-fourth of ICU patients are obese. 22 Obesity is associated with several health issues, such as stroke, heart disease, and diabetes. 23 In addition, obesity among patients is a main reason for injuries among care providers. 19 Extreme obesity has been associated with an increased prevalence of pressure ulcers in patients in a tertiary medical center, 6 and among elderly patients, pressure ulcers are less likely to develop in nonobese patients 24, 25 and in general surgery patients. 23 In critical care, BMI has been associated with the development of pressure ulcers in patients treated with mechanical ventilation who had acute lung injury. 26 BMI is considered an alternative measure of body fat, 27 and it is used to classify people as underweight, overweight, and obese.
Methods
The research design was a retrospective cohort study with data from cumulative electronic health P ressure ulcers are costly complications of bed rest, and patients admitted to the intensive care unit (ICU) are at high risk for these ulcers.
1-3 ICU patients are often bedridden and ventilator-dependent, characteristics that limit their mobility. Immobility is a risk factor for pressure ulcers in hospitalized patients. 4, 5 Obesity contributes to immobility in the ICU and subsequent pressure on skin surfaces. 6 Helping obese patients change their position in bed to relieve sites of increased skin pressure is a challenge for caregivers. 
Results
The data set included information on 2632 patients from medical and surgical ICUs. Medical and surgical ICU patients could not be differentiated from each other because each type of ICU had treated patients from the other type of unit depending on the status of bed capacity and patient condition (eg, postoperative care for medical patients, weaning from mechanical ventilation for surgical patients). Among the sample, 54.5% were men, 81% were white, and 15% were black. The categories Hispanic, American Indian or Alaska Native, and Asian or Pacific Islander were each less than 1%. The mean age of the patients was 58.3 years. The mean length of ICU stay was 11 days. Mean body weight was 221 lb (100 kg), with a range of 80 to 696 lb (36-316 kg).
Patients with and without a pressure ulcer did not differ in age, sex, or race/ethnicity (Table 1) . However, patients with a pressure ulcer had significantly lower total scores on the Braden scale than did patients without an ulcer. Patients with a pressure ulcer also tended to stay longer in the ICU and had significantly higher mean weight. The most frequent diagnoses at admission were acute respiratory failure (8.4%), coronary atherosclerosis (4.6%), shortness of breath (3.2%), septicemia (2.7%), aortic valve disorder (2.7%), subarachnoid hemorrhage (1.9%), multiple myeloma (1.8%), altered mental status (1.8%), and intracerebral hemorrhage (1.4%).
records of ICU patients. The study was approved by the appropriate institutional review board.
Data Collection
Patients' data were included in the study if the patients were 18 years old or older. ICU patient data collected from January 2007 through December 2010 were obtained from the information warehouse of an academic medical center in the Midwest. The data collected included age, sex, race/ethnicity, length of ICU stay, body weight, admission and discharge diagnoses, discharge disposition (ie, whether the patient died during the hospital stay or survived), and score on the Braden scale at the time of ICU admission. Data on patients whose ICU stay was less than 3 days were excluded, because pressure ulcers generally develop more than 72 hours after admission. 28, 29 Admission and discharge diagnoses were reviewed to identify patients in whom a pressure ulcer developed during hospitalization because data on pressure ulcers that developed during the ICU stay were not available. Data on patients who had a pressure ulcer at the time of hospital admission were excluded. If a patient's discharge diagnoses included pressure ulcer, the patient was considered "pressure ulcer present." If the diagnoses did not include pressure ulcer, the patient was considered "pressure ulcer absent."
BMI is calculated on the basis of a person's weight and height. 30 BMI values could not be calculated for individual patients in the study because height information for the ICU patients was not available. As an alternative, BMI data from the discharge diagnoses were used. BMI information had been recorded in the electronic health records by using codes from the International Classification of Diseases, Ninth Revision, 31 upon hospital discharge. For instance, patients whose BMIs were less than 19 were coded as V85.0 and those whose BMIs were between 39.0 and 39.9 were coded as V85.39. The coding system additionally included more specific BMI codes, such as V85.43 for BMI between 50.0 and 59.9 and V85.45 for BMI of 70 and greater.
Data Analysis
Patients were classified into 4 BMI groups: underweight, normal weight, obese, and extremely obese. The classification was made by referring to the BMI categorization of the National Heart, Lung, and Blood Institute. 30 The groups were defined as follows:
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AJCC Other types of admission diagnoses were represented by less than 1% of the sample. According to total scores on the Braden scale, 62% of patients (n = 1642) were at risk for pressure ulcers (score ≤ 18) at the time of ICU admission. Twenty-nine percent of patients (n = 753) were classified as high risk (score 10-12) or very high risk (score ≤ 9). The incidence of pressure ulcers was 5.6% (n = 147).
Association Between BMI and Incidence of Pressure Ulcers
Among the patients in the sample, 7.5% (n = 197) were underweight, 17.9% (n = 470) were normal weight, 48.5% (n = 1277) were obese, and 26.1% (n = 688) were extremely obese. Table 2 summarizes characteristics of the 4 groups. The rates of pressure ulcers in the underweight, normal weight, obese, and extremely obese groups were 8.6%, 5.5%, 2.8%, and 9.9%, respectively.
In paired comparisons between the groups, normal weight and underweight groups did not differ in age, sex, and length of ICU stay. However, underweight patients had lower total scores on the Braden scale than did normal weight patients (P = .003), indicating a higher risk for pressure ulcers in the underweight patients. The incidence of pressure ulcers did not differ significantly between the underweight www.ajcconline.org patients and 12.5% in obese patients. Compared with obese patients, extremely obese patients had significantly lower total scores on the Braden scale on ICU admission (P < .001) and a significantly higher incidence of pressure ulcers (P < .001). The 2 groups did not differ in the length of ICU stay. Mortality during hospitalization was 16% for extremely obese patients and 9% for obese patients (P < .001).
Predictive Models
From the univariate logistic analysis, weight, BMI, and total scores on the Braden scale appeared to be associated with the occurrence of pressure ulcers. On the basis of the results, the final model was constructed with total scores on the Braden scale and BMI by using multiple logistic regressions. The goodness-of-fit of the model as indicated by the Hosmer Lemeshow test was acceptable (P = .86). The area under the curve of the final model was 0.71, a slight increase compared with 0.68 for the Braden scale as the baseline. In a secondary analysis, when BMI alone was used for a predictor, the area under the curve was 0.65.
When both total scores on the Braden scale and BMI category were predictors of the likelihood of pressure ulcers, extremely obese patients were 3.7 times more likely to have a pressure ulcer than were obese patients and 1.9 times more likely than were normal weight patients. Underweight patients were 3.3 times more likely to have a pressure ulcer than were obese patients. Normal weight patients were 2 times more likely to have a pressure ulcer than were obese patients (Table 3) .
Discussion
BMI appeared to be associated with occurrence of pressure ulcers in ICU patients. Patients in the underweight and extremely obese groups had higher rates of pressure ulcers than did patients in the normal weight or obese groups. This finding is consistent with the US data from an international pressure ulcer prevalence survey in which the prevalence of pressure ulcers was higher in underweight and extremely obese patients. 6, 32 The underweight and extremely obese groups did not differ in race/ethnicity, total scores on the Braden scale, incidence of pressure ulcers, length of ICU stay, or discharge disposition; however, differences in sex and mean age were significant. Compared with patients in the other groups, extremely obese patients were 4 to 5 years younger and more likely to be women.
In the United States, 154.7 million adults (age ≥ 20 years) are at least overweight, and 5% are extremely obese. These percentages continue to and the normal weight groups. The mortality rate during hospitalization was 19.0% for underweight patients and 11.8% for normal weight patients (P = .02).
Normal weight patients did not differ from obese patients in age, sex, or total scores on the Braden scale. However, the incidence of pressure ulcers in normal weight patients was significantly greater than that in obese patients (P = .007). In general, obese patients stayed longer in the ICU than did normal weight patients (P = .02). The percentage of females differed significantly (P < .001) between the extremely obese group (60.3%) and the normal weight group (40.0%). In addition, extremely obese patients were generally younger (P < .001) and had lower total scores on the Braden scale upon ICU admission (P < .001). Length of ICU stay did not differ between normal weight and extremely obese patients. The incidence of pressure ulcers among extremely obese patients was significantly greater than that among normal weight patients (P = .008).
Age and sex did not differ between the underweight patients and the obese patients. Obese patients stayed significantly longer in the ICU than did underweight patients (P = .002). The mortality rate during hospitalization differed significantly (P < .001) between these 2 groups: 19% for underweight patients and 9.4% for obese patients. In addition, compared with obese patients, underweight patients had significantly lower total scores on the Braden scale (P < .001) and a significantly lower incidence of pressure ulcers (P < .001).
Extremely obese patients were significantly younger than obese patients (P < .001). The percentage of women also differed significantly (P < .001) between the 2 groups: 60% in extremely obese patients and 41% in obese patients. The percentage of blacks also differed significantly (P < .001) between the 2 groups: 20% in extremely obese increase. 7, 33 Hospital admission rates of extremely obese patients have correspondingly increased. 32 In our study, 26% of the ICU patients were extremely obese. Extremely obese patients are likely to become immobile and present difficult challenges to the care providers who must move or reposition the patients. 7, 34 Sometimes, more caregivers are needed to provide routine care for obese patients than for nonobese patients. 32 Therefore, additional consideration is needed for care of extremely obese patients in ICU settings, including special resources such as safe patient-handling equipment to mobilize the patients and reduce the risk for injury in caregivers.
All of the ICU patients in our study had received preventive interventions included in the ICU's standard ulcer prevention protocol. We were unable to examine whether the score on the Braden scale at admission made a difference in care provision in this retrospective cohort study. Three types of beds were used in the ICUs: regular, special, and bariatric. Because information on bed type had been recorded only once at the time of ICU discharge, we could not determine whether a special bed helped prevent pressure ulcers. Among the patients in the sample, 89.5% (n = 2355) used the regular bed, 4.1% (n = 108) used the special bed, and 6.4% (n = 169) used the bariatric bed. The incidence of pressure ulcers was 34% for patients placed on the special bed, 25% for the bariatric bed, and 5% for the regular bed. A possible reason for this finding is that patients in whom a pressure ulcer was developing were placed on a special bed.
Although extreme obesity was associated with development of pressure ulcers, obesity (BMI 25 or greater but less than 40) appeared to protect patients from the development of pressure ulcers. In our study, patients in the obese group were significantly less likely to have a pressure ulcer than were normal weight patients. This finding is consistent with the results of previous research. 32 The range of BMI value may be a factor that can be considered when the risk for pressure ulcers is assessed.
When total scores on the Braden scale were examined as a predictor, 62% (n = 1642) of the patients were classified as at least at risk, indicating that interventions to prevent pressure ulcers must be considered for 62% of all patients admitted to the ICU. In our sample, a pressure ulcer developed in 5.6% of patients (n = 147). For future research, further analysis with additional potentially influential data elements (eg, nutritional data, repositioning) will be conducted to determine in which at-risk patients a pressure ulcer actually developed. Overprediction results in costly and unnecessary preventive interventions, whereas underprediction contributes to adverse patient outcomes. When BMI values were added to scores on the Braden scale in the model, the area under the curve slightly increased compared with the Braden scale as the baseline.
Our study had several limitations. The data field that included the information about when the pressure ulcer occurred during the ICU stay could not be located because the data had been stored in multiple different data fields and clusters in the information warehouse. Thus, discharge diagnoses with International Classification of Diseases, Ninth Revision, codes 31 were used to identify patients in whom a pressure ulcer developed. The diagnoses of pressure ulcer could not be validated in our retrospective secondary analysis. In addition, the incidence of pressure ulcers may have been underestimated if the occurrence of pressure ulcers was not reflected in the discharge documentation. BMI data were limited to data added at discharge. We could not calculate BMI for individual patients because information on patients' height was not available. We did not consider variability in severity of illness because the data were not available. Interpretation of the results may be limited because data were from a single institution.
Conclusion
BMI and the incidence of pressure ulcers were related in ICU patients. Underweight and extremely obese patients were at higher risk for pressure ulcers than were normal weight or obese patients. If a patient has an extremely low or extremely high BMI, additional care to prevent pressure ulcers is desirable. Although BMI did not appreciably improve the accuracy of scores on the Braden scale in predicting development of pressure ulcers in ICU patients, our findings suggest that BMI should be considered in the assessment of patients for such ulcers.
Obesity (25 ≤ BMI < 40) appeared to protect patients from the development of pressure ulcers. 
SEE ALSO
For more about preventing pressure ulcers, visit the Critical Care Nurse Web site, www.ccnonline.org, and read the article by Armour-Burton et al, "The Healthy Skin Project: Changing Nursing Practice to Prevent and Treat Hospital-Acquired Pressure Ulcers" (June 2013).
